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Abstract

Hierarchical linear modeling (HLM) has been recommended as a meta-
analytic technique for the quantitative synthesis of single-case experimental
design (SCED) studies. The HLM approach is flexible and can model a variety
of different SCED data complexities, such as intervention heterogeneity. A
major advantage of using HLM is that participant and-or study characteristics
can be incorporated in the model in an attempt to explain intervention
heterogeneity. The inclusion of moderators in the context of meta-
analysis of SCED studies did not yet receive attention and is in need of
methodological research. Prior to extending methodological work validating
the hierarchical linear model including moderators at the different levels,
an overview of characteristics of moderators typically encountered in the
field is needed. This will inform design conditions to be embedded in future
methodological studies and ensure that these conditions are realistic and
representative for the field of SCED meta-analyses. This study presents the
results of systematic review of SCED meta-analyses, with the particular
focus on moderator characteristic. The initial search yielded a total of 910
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articles and book chapters. After excluding duplicate studies and non peer-
reviewed studies, 658 unique peer-reviewed studies were maintained and
screened by two independent researchers. Sixty articles met the inclusion
criteria and were eligible for data retrieval. The results of the analysis of
moderator characteristics retrieved from these 60 meta-analyses are
presented. The first part of the results section contains an overview of
moderator characteristics per moderator level (within-participant level,
participant level, and study level), including the types of moderators, the
ratio of the number of moderators relative to the number of units at that
level, the measurement scale, and the degree of missing data. The second
part of the results section focuses on the metric used to quantify moderator
effectiveness and the analysis approach. Based on the results of the systematic
review, recommendations are given for conditions to be included in future
methodological work.

Keywords
meta-analysis, single-case experimental designs, moderators

Single-case experimental designs (SCEDs) are becoming increasingly popu-
lar as a means to establish an evidence base for interventions (Kratochwill &
Levin, 2010), especially in behavioral sciences. Along with the increased
number of published SCED studies, there is a growing interest in the quanti-
tative synthesis of SCED data across studies (Jamshidi et al., 2018). Meta-
analysis can be used to quantitatively summarize SCED studies in a
standardized, objective, reliable, and valid manner (Glass, 1976; Kratochwill
et al., 2010; Shadish et al., 2013). By synthesizing the effectiveness of an
intervention across a large body of literature, an evidence-base on a particular
intervention can be created and important decision can be made based on
scientific evidence. In contrast to the well-established and broadly applied
methods for meta-analysis of group-comparison design studies (e.g., Cohen’s
d, Borenstein et al., 2009; Hedges’ g, Hedges & Olkin, 1985), there is a lack
of consensus about which methods can be applied to meta-analyze single-
case experimental design (SCED) studies (Van den Noortgate & Onghena,
2008). Similar to group-comparison design studies, the effect of an interven-
tion can be quantified by comparing the mean of data obtained during an
experimental condition and the mean of data obtained during a baseline con-
dition (i.e., no intervention is given; Hedges et al., 2012, 2013). The funda-
mental difference between a group-comparison design study and an SCED
study is the unit of analysis. For group-comparison designs the average score
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across participants assigned to the baseline condition is compared to the aver-
age score across participants assigned to the experimental condition. In con-
trast, individual participants are the unit of analysis in SCEDs. Participants in
SCED are not assigned to a treatment and control group, but are repeatedly
measured during both baseline and intervention conditions. As a conse-
quence, the participant serves as its own control and no comparison group is
needed (Kratochwill et al., 2010; What Works Clearinghouse, 2020). In order
to make inferences related to intervention effectiveness beyond an individual
participant, SCED relays upon within study and across study replication
(Horner et al., 2005; Kazdin, 2011). The experiment needs to be replicated
across individuals (which is usually accomplished within one SCED study).
Moreover, either direct or systematic replication has to occur across multiple
studies in order to establish an evidence-base and enhance external validity
(Ferron & Scott, 2005; Horner et al., 2005). As a consequence, SCED research
is time consuming and demanding. Because of the aforementioned funda-
mental differences between group-comparison designs and SCEDs, analysis
techniques appropriate for group-comparison designs s are not transferable to
SCED and different methods need to be considered.

Types of Analysis for SCED

During the last decade, a variety of different methods have been developed
to quantify intervention effectiveness within and across SCED studies.
Examples include metrics for quantifying the intervention effect per par-
ticipant (e.g., non-overlap metrics and regression-based metrics, Parker,
Vannest, & Davis, 2011) to approaches suitable to summarize intervention
effectiveness across participants (Ferron et al., 2009) and even across stud-
ies, such as hierarchical linear modeling (Van den Noortgate & Onghena,
2003a, 2003b). The metrics to quantify the intervention effectiveness can
be classified into four broad categories: (a) non-overlap metrics (e.g.,
PND, Scruggs et al., 1987; IRD, Parker et al., 2009; NAP, Parker &
Vannest, 2009; Tau, Parker, Vannest, Davis, & Sauber, 2011; Tarlow,
2017), (b) regression based metrics (including hierarchical linear model-
ing as an extension) (e.g., Moeyaert, Ugille, et al., 2014; Van den Noortgate
& Onghena, 2003a, 2003b), (c) log ratio metrics (Pustejovsky, 2015), and
(d) standardized mean difference metrics (BC-SMD, Hedges et al., 2012,
2013). Because of the limited generalizability of any one SCED study,
across-participant approaches are appealing. Across participant approaches
can be used to summarize intervention effectiveness per study allowing to
make more generalizable conclusions.
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Meta-Analysis of SCED using HLM

One meta-analytic technique that is appropriate for meta-analysis of SCED is
hierarchical linear modeling (HLM) as this technique takes the nested data
structure into account: repeated measures are nested within participants and
participants are nested within studies (Moeyaert, Ferron, et al., 2014; Shadish
et al., 2013). The statistical properties of this approach has been extensively
studied and empirically validated using large-scale Monte Carlo simulation
studies (Ferron et al., 2009; Moeyaert et al., 2013a, 2013b; Ugille et al.,
2012). Given its desirable statistical properties, the HLM approach has been
recommended for the quantitative synthesis of SCED study results across
studies (Shadish et al., 2013). The HLM approach is flexible and can model
a variety of different data complexities, such as autocorrelation (Maggin
et al., 2011), linear and non-linear trends (Shadish et al., 2013; Van den
Noortgate & Onghena, 2003b), count outcomes (Declercq et al., 2019;
Shadish et al., 2013), and intervention heterogeneity (Baek & Ferron, 2013).
However, one topic that did not yet receive attention and is in need of meth-
odological research is the inclusion of moderators in the context of HLM of
SCED studies. The lack of research on moderator analysis is worrisome as
applied SCED meta-analyses including moderators have been published
without knowing whether the chosen metric and analytic approach is suitable
and powerful enough (Heyvaert et al., 2012, 2014; Hurwitz et al., 2015;
Stone, 2011; Vanderkerken et al., 2013; Wang et al., 2013).

Previous methodological work in contexts of quantitative synthesis of
SCEDs evaluated the statistical properties of the intervention effect estimate
across SCED studies (Van den Noortgate & Onghena, 2003a; Zimmerman
et al., 2018) and the between-study and between-case variability in these
intervention effect estimates (Moeyaert, Ugille, et al., 2014). The multi-
level meta-analytic model is one of the statistical analysis techniques that
has been used and empirically validated for this purpose (Moeyaert et al.,
2013a, 2013b, 2016; Petit-Bois et al., 2016; Ugille et al., 2012). However,
no research up to date has focused on the statistical properties of multi-level
models that include moderators. By adding moderators at the case and-or
study level, the unexplained variability in intervention effects between cases
and-or studies can decrease. Prior to extending methodological work vali-
dating the multi-level modeling approach including moderators at the differ-
ent levels, the characteristics of moderators typically encountered in the
field is needed. The overview will inform design conditions to be embedded
in future methodological work and ensure that these conditions are realistic
and representative for the field of SCED meta-analyses. This study presents
the results of a systematic review of SCED meta-analyses, with a particular
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Figure 1. Graphical overview of the number of SCED studies and SCED meta-
analyses published between 1990 and 2019.

Note. The online database Web of Sciences was used to create the graph. The SCED studies
were searched with following string for topic: TS =(“single case” OR *single-case” OR *“single
case experiment” OR “single-case experimental design” OR “single case experimental” OR
“MBD” OR “multiple-baseline” OR “multiple baselines” OR “N=1" OR “n=1" OR “intra
subject” OR “intra-subject” OR “interrupted time series” OR “alternating treatment design”
OR “reversal design”). The SCED meta-analytic studies were searched with the above string
combined with TS=(“meta analysis” OR “meta-analytic” OR “systematic review” OR “meta-
analysis” OR “meta-analyses” OR “systematic reviews”). The search is limited to the English
language.

focus on moderator characteristics. SCED meta-analyses eligible for inclu-
sion are further categorized into three broad categories: (a) meta-analyses
including moderators in the analysis, (b) meta-analyses recognizing and pre-
senting moderators (but did not include the moderators as part of the analy-
sis plan), and (c) meta-analyses lacking moderators. To present a focused
and in-depth discussion of SCED moderator characteristics, the focus of this
study is on the first category of SCED meta-analyses (i.c., meta-analysis
including moderators in the analysis).

Reviews of SCED Meta-Analyses

Figure 1 gives a graphical overview of the number of SCED studies and
SCED meta-analyses published between 1990 and 2019 using the Web of
Sciences database. This illustrates that there has been an exponential increase
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in the number of SCED studies published over the last three decades. Because
more research evidence from primary level SCED studies is available, there
is also an exponential increase in the number of meta-analyses (and system-
atic reviews in general) of SCEDs (see Figure 1 and Jamshidi et al., 2018).

Several studies have been published summarizing methodological aspects
and data characteristics of these meta-analyses and systematic reviews (e.g.,
Beretvas & Chung, 2008; Farmer et al., 2010; Jamshidi et al., 2020; Maggin
et al., 2011; Schlosser et al., 2008). Jamshidi et al. (2020) conducted a sys-
tematic review of SCED meta-analyses. Their systematic review covered a
large timespan (1985-2015), and included general data characteristics and
study design characteristics of SCED meta-analyses. In addition, an over-
view was provided of the kind of analyses done per primary level SCED
study and meta-analysis. Jamshidi et al. (2020) found that 130 out of the 173
meta-analyses conducted a moderator analysis. These moderators were inter-
vention and participant characteristics. However, specific details such as the
measurement scale and the number of case-specific and intervention-specific
moderators per meta-analysis were not reported. The focus of another sys-
tematic review conducted by Jamshidi et al. (2018) was on the methodologi-
cal quality of SCED meta-analyses. Jamshidi and colleagues assessed the
methodological quality of 178 SCED meta-analyses published between 1985
and 2015. They used the Revised-Assessment of Multiple Systematic Reviews
(R-AMSTAR) checklist as a guideline. They found that SCED meta-analytic
studies did better on some criteria (e.g., “doing a comprehensive literature
search,” “providing the characteristics of the included studies”), while it was
not the case for other criteria, such as “reporting an assessment of the likeli-
hood of publication bias” and “using the methods appropriately to combine
the findings of studies.” Jamshidi and colleagues concluded that the method-
ological quality of SCED meta-analyses, in general, was low, although it has
slightly increased over time. The characteristics of moderators included in
SCEDs meta-analyses were not considered as this was not an item included
in the R-AMSTAR checklist.

Other systematic reviews of meta-analyses mainly focused on characteris-
tics of effect size metrics used in meta-analyses. For instance, Maggin et al.
(2011) reviewed 68 SCED meta-analyses between 1985 and 2009 focusing
on participants with and at-risk for disabilities and found that the percentage
of non-overlapping data (PND) was the most frequently used metric, fol-
lowed by the standardized mean difference (SMD). The mean, weighted
mean or median was most frequently used to synthesize the results across
studies. Farmer et al. (2010) showed similar results to Maggin et al. (2011).
Schlosser et al. (2008) focused on exploring the characteristics of PND by
reviewing 45 meta-analytic studies from 1985 to 2008 and found that most
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included studies aggregated the scores of PND across different studies.
Compared to the median PND, the average PND was more frequently used to
represent the overall intervention effect across studies. Besides examining
the effect size metric, Beretvas and Chung (2008) reviewed 25 meta-analyses
of SCEDs and explored how the dependency in the original studies with mul-
tiple interventions, outcomes, and participants was handled in the meta-anal-
yses. They found that most studies did not report how they dealt with the
dependency.

Based on the review of previous systematic reviews of SCED meta-anal-
yses presented in previous sections, it can be concluded that summarizing
moderator characteristics has not been thoroughly considered. In addition,
items related to moderators have not been considered for inclusion in
reporting guidelines to assess the quality of SCED meta-analyses and sys-
tematic reviews. This stands in contrast to reporting guidelines developed
for group-comparison design systematic reviews and meta-analyses (see
Table 1). The items related to moderator characteristics included in these
guidelines can be considered as a source to develop similar items to be
included in meta-analytic quality assessment tools and reporting guidelines
such as the R-AMSTAR checklist (see Table 1).

SCED Reporting Guidelines and Quality Assessment Tools

Meta-analyses are depending on the information that is reported in the pri-
mary level studies eligible for inclusion in the meta-analysis. Therefore,
items related to moderator variables are ideally included in reporting guide-
lines and quality assessment tools for primary level SCED studies. Lobo
et al. (2017) provided an overview of quality assessment and reporting tools
available for SCEDs; Quality indicators (Horner et al., 2005); Evaluative
method (Reichow et al., 2008); Evidence in Augmentative and Alternative
Communication Scales (EVIDAAC, Schlosser et al., 2009); Single-
Case Experimental Design (SCED, Tate et al., 2008), Logan et al. scales
(Logan et al., 2008), and Single-Case Reporting Guideline In BEhavioural
Interventions (SCRIBE, Tate et al., 2016). Tate et al. (2008) developed the
Single-Case Experimental Design Scale to evaluate the quality of SCED
studies. Later on, Tate et al. (2016) further developed the Single-Case
Reporting Guideline in BEhavioural Interventions (SCRIBE) to provide a
checklist that helps single-case studies to be published as well as journal
reviewers and editors to evaluate the quality of single-case studies.

Another source focusing on quality assessment of primary level SCEDs is
the What Works Clearinghouse (WWC) technical documentation developed
by the Institute of Education Sciences (Kratochwill et al., 2010; What Works



(panunuo>)

(0107 “re 32 Buny))

(YVLSIWV-Y) smainay

o11eWIsAS 3|dnnyy

SJOJBISPOW O PAIE[3 3B YV | SV SB SWall OM] dwes swa)| | | JO 1UBWISSISSY PISIADY
's91pnas papn|aul Jo AJIpI[eA JO JoljeJapow 3y 01
SJ9J2.4 YdIYM ‘pIIUSWINIOP pUE PISSISSE SEM SIIPNIS papn|dul
oy jo Ajenb oynuULIdS 9Ya USYIBYM SSIBN[BAS WD U930 By |

‘paauodau aq pjnoys saipnis [euilio ay3 ul
(239 “‘A1149A3S ‘UoIEJINP ‘SNJE]S DSEISIP ‘BIBP DIWLIOUOIIOIDOS
JUBA3|. ‘Jopuagd @3k ‘93 “8'9) sdNslIa1dBIRYD pazA[eue

3y ||V "WwJoj pa3eSauSSe ue ul SSWODINO PUE ‘SUOIIUSAISIUI (2002
‘syuedidnaed aya uo papiroad a4am saipnis papnpul “Ie 39 BaYS) (YVLSIWY)
3Y3 JO SDIISIIDIDBIBYD DY JDYIDYM SIIBN[BAD W BUQ SMIIADY D1IBWRISAS
SJOJEJ9pPOW O] Palea. dJe SWl OM | sway || 9|dn|n} o Juswssassy
Apnas

AJqewrad yoes Joj S[EAISIUl 9OUSPHUOD PUEB SIIBWINSD 1D9YD
(q) pue dnoug uonuaaaUl Yors 0y B3RP Alewwns o|dwis

(&) 2uasaud 03 sauinbau 31 ‘saIPNIS [BNPIAIPUI JO SI|NS3. dY3 04
(potuad dn-mojjoy

pue ‘udisap Apn3s ‘saWw023In0 ‘suosiiedwod ‘SuUol3UIAIIUI (600T
‘syuedidnaed ‘ozis Apnis Jo sonsiialdeeYd “89) Apnis papnjaul “Ie 39 4ayol) (VINSIEd) sasAjeue-e3aw
yoes 0} so1sII9IRIRYD BIEP 93 Suniodsa Apms onAjeue sosA[euy-e3a|y pue puE SM3IAS
-B39W © saJdinbau 31 ‘so3s1i91d'aeYd ApPN3s JO SINSa. Y3 U0 SMOIADY D1IBLDISAS 0} JneWaIsAs usisap
SJ0IBISPOW O3 POIL[DJ dJB SWI OM | swa| /T swa)| unuoday paJJaje.d uosisedwod-dnous
SJOJBIOPOW O) Pale|a. S91I0391ed/SWI)| sa1108938d S|001 JUSLISSISSE ugdissqg
/swa11 papn|ou| /saulaping SunJodoy

'sasA[euy/-BI3|,| PUE SMIIADY d11BWISAS Uisaq uosiredwory-dnoucy pue saipnmg (Q3DS)
udiso [eauswiiadxg 9se)-9|3UIS JO IXIUOD) B2 Ul SI0IBISPO|,] O) PIB[AY S|OO | IUSWSSISSY pue saulaping Sundodsy *| 3|qeL



(panunuo>)

s8unias pue syueddned jo uondldsap pue
u3isop Apnas aJe YdIYMm ‘SI0IBISPOL O3 PIIB|SJ 9.4 SWS OM |
A[apy [eanpadoud pue
UOIIUDAIDIUI JO 24NPad0.4d Y3 SOA|OAUI SUO PIIBRJ Yl BY |
(pauysp Ajjeuonesado |[om e saunsesw SWoIN0
puE sJolAeyaq 193.e) Y3 JoyIaym “3'9) S9UNseaW SWodIN0
PUE SJOIABY3q 193.8] O] SJ9)9.J dUO PAIE|DJ Yoy ay |
Pa32Npuod sem Apnis a3yl
9J9YM UOI3BD0| PUE 3U1339S B3 JO SIIISIIDIDBIBYD DY SI YDIYM
‘2X23U02 140daJ 01 MOY 01 pale[aJ SI SUO PaIe[ad pJIyl 3y
(sonstieioeaeyd
juedidnued pue elia31d uondajas ay3 8undodaa “a°1) (s)lun Jo
(s)auedidnued 1uodad 03 Moy Inoqge si dUO palejad puodas Ay |
ugisap Apnis 8unuodau oy auldping aya 03 sJajRJ WAl dUQO
SJ0JEIOPOW O3 PIE[D DB SW DAl
Apms
@3DS € Jo uonezijelauas ay3 SIIBN[BAD W1 paIe[a. ISe| 9y |
A1jIqeIj2. J93eU-133Ul OF SIDJRJ Wl PAIe[dJ Y3Unoy 3y |
Apmis Q3D € jo udisop Apnis 01 susjo. Wall pade[ad paiyl oy
Jolaeyaq 19341
paulap Ajjeuonesado pue s|qeleada. ‘asida.d e saynuapl
Apnis 3DS B J49YI9YM S2IBN[BAD WSI| PAIR|DJ PUODSS dY |
sonsiRIdeIRYd Aunful pue d1ydeaSowsp s uedidiaed sapnpul
yo1ym ‘syuedidned jo A103siy [eD1UID S9IBN[BAD WL BUQ
SJOJBIOPOW O3 P3RS DB SW DAl

swa| |

swe)| 97

sway| ||

(800z “[e 33 uedoT)
sa[eds ‘[e 19 uedon

(9107 “[e 30 23 ])

(3g1¥DS) suonuaAlRIy|

[eInolABY3g Ul dUlSpING
8unuodeay asen-913uig

(800T “Ie 30 218 ) (9[ES
@aos) afeds udisaq

[eauswiiadxy ase)-9|3ulg salpnis 3DS

SJOJEJSPOW 01 PaTea. $3II039IBI/SWI|

$91408238d
/swa11 papnpau|

|00 JUSLUSSISSE udisaq
/saulaping SunJoday

(panunuod) | s|qe



's@3Ds pue suSisop uositedwod-dnoud yroq Joj pasn aq ued D30,

SJOIABYq 128.e] pUB SaJNseaw awodIno (9) ‘AlpifeA [euaiul ()
‘Aepy uoneausws|dwi () ‘(Butureas oyads Aue 3uiaey Jayraym
“uaSe UOIIUSAIRIUI 3Y) JO 3o “83) Juade uonuaasalul (g)
‘(smeas Aujiqesip ‘Jopuag ‘a3e “8-9) sonsiualoeseyd syuedpnaed

«(110€ ‘[D3D] uapiyDd
Jeuondanxy Joy |1PuUno0))

uopednpa [eads ul
sadnoead paseq-aduspIAd

() “(uonesoj s1ydea80a3 ‘jooyds jo adA “8-9) unias pue sa1108918d 10} SpJepuels :usJp|iy>D
1X23U0D () 94 Y2IYM ‘SIOIBISPOW O3 PIIE[DJ e SOLI0S9IBD XIS Y313 Jeuoindedxg Joy |12unoD
(010T “Ie 33 [mydorey)
RITETNEEYE ) (MAAAN) Sp-epueag
10SSISSDISIUI SI YdIYM ‘SI0JBISPOW OF pale|ad s| A108a1ed 2UQ $21408938D dAI4 asnoyBuliea|) SHIOAA IBYAA
Apmas Q30§
© JO AJIpI[eA [BIDOS 9l PUE ‘@DUBUSIUIEW IO/PUE UOIILZ|[BISUT (s103e31pUI
‘A31|9P1} SA|OAUI SI0IEDIPUI PTE[DI 9343 SulUlewdd Y| po|ieIop
JUSWD9.3E J9AI9SGOIIU] O) SJ9JO.J SUO PRSI PUODSS Y| 71 [103)
S213s1493dR4RYD ucma_u_u;_mn_ nogqe si duQ mm_gommumu AWOON “|e 19 >>0£u_®v_v
!SJ0JEISPOW 01 Pale|a. S| JOIBDIPUI SAI4 peo.q om] poyIaW SAIEN[EAT
*AJIpIeA [BIDOS SI
9UO JaYI0 Y1 puE AIIPI[EA [BUIDIXD SI BUQ "ApPMIS (3DS © Jo
AIpijeA 03 pa1ejRd Y30q SJ. SSUO PIIEJdd pJIYyl puB puodds ay |
232 ‘Bunias [earsAyd aya ‘Aujiqesip
‘1opuagd ‘a3e s,juedpnJed se yons ‘s8umas pue syuedidnaed
Jo uondiidsap Joj auljapIng ay 03 suaya4 A10391.d ISl Y | sa110891ed (5007 “|e 30
SJOJBIOPOW O) PIIE|a. dJe $91103978D DY | UIASS Jaudon) sdoledipur Aifend
(00T “1e 33
435501y35) (DVVAIAT)
A14893u1 JuUsSWIEA) pUE $3|BJS UOREBdIUNWWOD
“uawaa.de JoAIasqoI1Ul ‘SBuinlss [edisAyd ‘sonsiuaioeaeyd SAIRUIR)|Y pue
uedpdiged sue YdIym ‘siojedapowl 01 pale|dJ dJe SWall Jno4 swa7| 6| 9ANEBIUDWSNY Ul 9DUSPIA]
SJ03BJSPOW 03 PaIe[aJ 91103938 /SWI| sa1103938d S|00) JUDLUSSISSE udisaq

/swial papnjpu|

/saulpping SunJoday

(panunuod) | a|qeL

10


WWW) (
WWW) (

Moeyaert et al. I

Clearinghouse [WWC], 2020). Specifically, when reviewing SCEDs, the
study rating criteria of WWC can be used to categorize the SCED studies into
three levels of quality, namely Meets WWC SCD Standards Without
Reservations, Meets WWC SCD Standards With Reservations, or Does Not
Meet WWC SCD Standards. Other available quality assessment tools for
SCEDs, such as quality indicators from Horner et al. (2005), evaluative
method from Reichow et al. (2008), and Logan et al. scales (Logan et al.,
2008), focus on similar aspects as Tate et al. (2008, 2016) to assess the quality
of SCEDs (for more detail, review Horner et al., 2005; Reichow et al., 2008).

As we can be deduced from Table 1, existing checklists for quality assess-
ment of group-comparison design meta-analyses and primary level SCEDs,
the characteristics of moderators are embedded to some extent (CEC, 2014;
Kratochwill et al., 2010; Kung et al., 2010; Moher et al., 2009; Shea et al.,
2007; Tate et al., 2008, 2016; WWC, 2020). However, they do not mention
what specific characteristics of moderators need to be reported (e.g., mea-
surement scale of moderators and modeling approach). Information related to
moderator characteristics of SCED studies are important not only to deter-
mine which analytic methods are best used in meta-analyses (Jamshidi et al.,
2020), but also to inform the design conditions and parameter values to be
included in future Monte-Carlo simulation studies. Including moderators can
help explain variability in intervention effectiveness between individuals
and-or studies.

Purpose and Research Questions

The purpose of this systematic review of SCED meta-analyses is to provide
insights into moderator characteristics. First, the review is designed to pro-
vide an overview of the type of moderators studied in SCED meta-analyses.
To enhance the discussion, moderators are classified within three “levels” (a)
the outcome and intervention level (i.e., level 1, related to within-participant
characteristics), (b) the participant level (i.e., level 2), and (c) the study level
(i.e., level 3). Per moderator level, an overview and description of commonly
encountered moderators is provided. Numerics related to the number of mod-
erators at these levels and the ratio of the number of moderators at a certain
level relative to the number of units at that level are reported. In addition, the
measurement scale of the moderators at the different levels is discussed (i.c.,
Nominal, Ordinal or Continuous [Interval/Ratio]). Information related to the
degree of missing data per moderator is captured as well. In sum, the first
section of the results contains key information related to the moderator char-
acteristics, presented per level. Second, in addition to these specific modera-
tor characteristics, aspects specific to the moderator analysis are captured and
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Databases search using key words:("single case"
OR "single subject” OR °N of 1" OR “small N" OR
“multiple baseline design” OR "alternating Duplicate
treatments design” OR “reversal design” OR (n=240) (— Phase one
“withdrawal design") AND (*meta- :na!ysls OR
“snthess ox review")

658 article screened at title, Exclusion (n=556)
abstract level or method Reasons for exclusion
section 1. Noaccess to full text (n=: u)
2. Not a meta-analysis (n= 395)
3. Meta analysis not including SCED studies (n = 107)
4. Not providing effect size (n= 40)

Not peer-reviewed — Phase two
(n=12)

P

— Phase three

102 Fulltext screened

H

Phase four

60 A total of studies
eligible for inclusion

Atotal of 12 studies Neither include moderator analysis nor
acknowledge the need acknowledge the need for moderator analysis

for moderator analysis (n=30)

Figure 2. Flowchart of the systematic review of single-case experimental design
meta-analyses.

discussed, namely (a) the metric used to quantify moderator effectiveness
(i.e., non-overlap metrics, regression based metrics, log ratio metrics, and
standardized mean difference metrics) (b) the unit of analysis (participant-
specific, study-specific or across studies) and (c) the specific approach used
to combine metrics across cases and/or across studies (i.e., description in
words, frequency table, quantitative metric or statistical modeling).

Methods

Systematic Literature Search

The following six online databases were used to conduct the systematic
search: PsycINFO, Web of Science, Science Direct, Medline PubMed, ERIC,
and CINAH. The systematic literature search procedure as outlined by
Jamshidi et al. (2020) was replicated in current research (by the two indepen-
dent coders) as this is the most extended and profound systematic review of
SCED meta-analyses identified. To be included in the systematic review, the
study is required to be (a) available in English, (b) peer-reviewed with full-
text availability, (c) published between 2016 and 2019, and (d) a meta-analy-
sis including SCED studies. In addition, the study must (e) provide an effect
size, and (f) include moderator analysis. These inclusion and exclusion crite-
ria are displayed in Figure 2. As suggested by Jamshidi, two sets of search
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strings are specified in all databases: (“single case” OR “single subject” OR
“N of 1” OR “small N” OR “multiple baseline design” OR “alternating treat-
ments design” OR “reversal design” OR “withdrawal design”) AND (“meta-
analysis” OR “synthesis” OR “review”). In order to ensure that the same
search procedure was applied as in Jamshidi et al. (2020), the two indepen-
dent researchers replicated Jamshidi’s search procedure for 1985 to 2015 for
all of the six databases and verified whether the same number of studies per
database were retained. Discrepancies between Jamshidi and the two inde-
pendent researchers were found for all databases. Therefore, Jamshidi was
contacted so that these discrepancies could be resolved. Once the discrepan-
cies were resolved, the search procedure together with the options per data-
base were refined. Discrepancies between Jamshidi and the two independent
researchers were found for certain databases, namely Web of Science, ERIC
and CINAHL. Different access to use different online reference systems such
as EBSCOhost was the cause of the discrepancies. The specific search proce-
dure per database is presented in Supplemental Appendix B as search options
slightly varied per database. By outlining these details, the search can be
replicated and the same number of SCED meta-analyses eligible for inclu-
sion should be identified. The average IOA for the number of retrieved stud-
ies across the six databases is 84%. The database specific IOA in terms of the
number of studies that were initially identified for each database (i.e.,
PsycINFO, Web of Science, Science Direct, Medline PubMed, ERIC, and
CINAHL) are 93, 99,49, 100; 71, and 89%, respectively.

The same two doctoral students applied the inclusion and exclusion crite-
ria independently and resolved any discrepancies in the number of excluded
studies per criterion. The proportion of agreement at phase one (i.e., exclu-
sion of duplicates, see Figure 2) was 99%. The reason for the discrepancy
was that a proportion of the included studies were duplicates with slightly
different titles. After reviewing the articles with similar titles, discrepancies
were resolved. The proportion of agreement at phase two (i.e., exclusion of
non-peer reviewed articles, see Figure 2) was 17%. The reason for this large
degree of discrepancy was that the two doctoral students used slightly differ-
ent strategies in identifying peer-review journals. After applying the same
strategy, agreement was reached. The proportion of agreement at phase three
(i.e., exclusion of articles that were not SCED meta-analyses and do not pres-
ent an effect size metric, see Figure 2) was 92%. Phase three had four exclu-
sion reasons (see Figure 2), and one doctoral student identified some articles
fitting more than one of these exclusion reasons. For example, one article was
identified to be a meta-analysis of group designs. In addition, this meta-anal-
ysis focused on the quality and characteristics of the included studies without
providing an effect size. This double counting of exclusion reason caused the
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discrepancy. After discussing how to label the reason for exclusion for each
moderator, 100% agreement was obtained. The proportion of agreement at
phase four (i.e., exclusion of articles that did not include moderators or rec-
ommended or acknowledge moderator analysis, see Figure 2) was 78%. The
disagreement was because one of the doctoral students included the articles if
they emphasized the importance of moderators or recommended the modera-
tor analysis for further research. The other doctoral student included articles
that acknowledged the possibility of moderator analysis. The discrepancy
was solved after the two doctoral students clarified that only articles SCED
meta-analyses conducting moderator analysis, recommending moderator
analysis or acknowledged the need of moderator analysis (with reporting of
the characteristics of the potential moderators) were eligible for inclusion.

Independent Coders and Interobserver Agreement

The systematic literature search for SCED meta-analyses was conducted by
two independent researchers enrolled in the doctoral program Educational
Psychology and Methodology. Both researchers successfully completed an
SCED class and/or conducted research apprenticeships related to the meth-
odology of SCEDs. Both researchers have profound expertise in the design
and analysis of SCED studies. They can identify SCED studies, differentiate
and code different types of SCEDs, and are able to retrieve raw data from
primary and meta-analytic SCED studies. The independent researchers con-
ducted a systematic literature search using six online databases. The interob-
server agreement (IOA) between the two independent researchers was
calculated per database by dividing the number of studies identified by both
researchers (i.e., the number of agreements) by the sum of the number of
agreements and disagreements. Next, the average IOA across the six data-
bases was calculated.

The data retrieval and coding of SCED meta-analysis was performed by
three independent researchers. Two of these researchers were part of the
systematic literature search. The third independent researcher was also a
doctoral students within the program Educational Psychology and
Methodology and has a similar background as the other two independent
researchers. Given that there are no reporting guidelines for SCED meta-
analyses, there is a discrepancy in the way moderator characteristics are
reported in SCED meta-analyses. Because of this complexity, the three
researchers were first trained using the codebook (i.e., training manual, dis-
cussed later). During this training procedure, the three coders independently
retrieved data from one SCED meta-analysis. The coding results were com-
pared to identify discrepancies. All discrepancies were discussed until all
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coders obtained complete agreement. The coders repeated this procedure for
other SCED meta-analyses until no discrepancies were identified. Three
rounds of coding training was needed to accomplish this. Upon the comple-
tion of the training, the researchers coded independently a fourth SCED
meta-analysis and the IOA between the three researchers was calculated.
The IOA between the three independent researchers was calculated by aver-
aging the 3% of agreement between the pairs of independent coders (i.e.,
I0A yer1 23 = [TOA 4 n T IOA o5 T TOA 4. 5]/3). The independent
researchers coded several variables, including the specific moderators, the
level of the moderators, (i.e., level 1, representing the within-participant
level; level 2, representing the participant level; and level 3, representing the
study level), the number of moderators and units per level, the ratio of the
number of moderators relative to the number of units at that level, the mea-
surement scale per moderator, the degree of missing data per moderator, the
metric used to quantify moderator effectiveness, and the specific analytic
approach used to combine metrics across cases and/or across studies. The
IOA for coding of all these major variables of interest was calculated. A list
of these variables of interest together with all other coded variables (of sec-
ondary interest) is presented in Supplemental Appendix A.

Single-Case Experimental Design Studies Eligible for Inclusion

After applying the exclusion and inclusion criteria, a total of 60 articles were
eligible for inclusion. The complete list of these articles is provided in
Supplemental Appendix C. The initial search yielded a total of 910 articles
and book chapters. After excluding duplicate studies and non-peer-reviewed
studies, 658 unique peer-reviewed studies were maintained. All these articles
were screened at the title, abstract, and methods level. A total of 556 articles
were excluded; 395 because not being a meta-analysis, 107 because not
including SCED studies, 40 because the SCED meta-analyses did not include
effect sizes; and 14 because no access to the full text was obtained. The full
texts of the remaining 102 articles were further screened, and the two doc-
toral students identified 60 articles that were eligible for final review and
coding.

Data Retrieval and Coding

The codebook was created based on the research aim and research questions
to ensure that all relevant variables are captured and coded accordingly.
Specifically, two parts of information that reveal the characteristics of
moderator and the aspect regarding analysis are coded (see Supplemental
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Appendix A). Part one of the codebook includes the name, level and mea-
surement scale of the moderator, and ratio between the number of moderators
relative to the number of units at each level. Part two includes the metric used
to quantify moderator effectiveness and the specific approach used to com-
bine metrics across cases and/or across studies. The complete codebook spec-
ifying all coded variables and categories within variables can be found in
Supplemental Appendix A. The codebook was used to train the three inde-
pendent researchers.

The three independent researchers obtained an IOA of 100% for coding
the total number of primary studies and participants per SCED meta-analysis.
The IOA for moderator identification equaled 78.8%. After identifying the
moderator, the three researchers also independently coded the level of each
moderator (i.e., the outcome and intervention level, the participant level, and
the study level) for which an IOA of 86.6% across the three researchers was
obtained. The three researchers obtained complete agreement for coding of
the measurement scale of moderators, the metric used to quantify moderator
effectiveness and the specific approach used to combine metrics across cases
and/or across studies. The degree of missing data of the moderators was also
captured and for this an [OA of 86.6% was obtained. The overall IOA between
three independent researchers across all the coded variables was 93%. After
the three independent researchers were trained using the codebook and the
coding reliability was evaluated, each researcher was assigned a set of 20
SCED meta-analyses to code.

Data Analysis

The statistical software program SAS 9.4 (SAS Institute Inc., 2013) was used
for quantitative analysis and synthesis. The raw data retrieved from the SCED
meta-analyses was entered in separate Excel Sheets by the three independent
coders. The excel sheets from the three independent coders were merged per
moderator level and imported into SAS 9.4. As there are three moderator
levels, (i.e., study level, participant level and within-participant level [i.c.,
intervention and outcome moderators]), three separate sheets, merged within
one big dataset, were created. First, descriptive analyses were run to summa-
rize moderator characteristics per level (i.e., frequency, measurement scale,
and information related to the degree of missing data per moderator). Second,
SCED metrics (i.e., non-overlap, regression based/HLM, log ratio, and SMD)
and analysis approaches (i.e., description in words, frequency table, and
quantitative metric or statistical analysis). The results section presents the
characteristics of moderators included in at least five SCED meta-analyses.
The results for other moderators included in less than five SCED meta-anal-
yses are provided in Supplemental Appendix D.



Moeyaert et al. 17

Results

A total of 60 SCED meta-analyses met the inclusion criteria and were eligible
for data extraction. The results of the analysis of moderator characteristics
retrieved from these 60 meta-analyses are presented. The first part of this
results section provides an overview of moderator characteristics organized
per moderator level, including the types of moderators, the ratio of the num-
ber of moderators relative to the number of units at that level, the measure-
ment scale, and information related to the degree of missing data per
moderator. The second part of the results section focuses on metrics used to
quantify moderator effectiveness and details related to the analysis approach
(e.g., description in words, inclusion of frequency or frequency table, report-
ing of quantitative metric or including a statistical analysis).

Moderator Characteristics

Study level moderators

Ratio and type of moderators. The average ratio between the number
of moderators at the study level and the corresponding number of units
at that level is 0.22. This means that, on average, meta-analyses with 10
primary SCED studies typically include two study level moderators. This
ratio ranges from 0 to 1.40. A total of 24 unique study level moderators
(across all eligible SCED meta-analyses) are identified among which 13
are included by at least five meta-analytic studies. These 13 moderators
represent commonly reported study level moderators and characteristics of
these are summarized in Table 2. An overview of the other, less commonly
reported study level moderators, can be found in Supplemental Appendix
D. Forty-two out of the sixty SCED meta-analyses include SCED design
type as a moderator. Specifically, a total of eight different study designs
are identified and summarized in Table 3. The multiple-baseline design is
the most commonly reported study design, followed by the reversal design.
Changing criterion design is the least popular one. Thirty-eight out of the
sixty SCED meta-analyses examine the physical setting the intervention
took place in as a moderator. The physical setting includes classroom,
home, clinic, community center, playground, and others. Twenty-six stud-
ies include SCED quality design standards as a moderator, which comprises
either the WWC standards or the CEC standards (both discussed under the
section reporting guidelines and quality assessment tools for SCEDs). Fur-
thermore, 23 of these 26 studies discuss the degree to which the WWC stan-
dards or CEC standards are met (i.e., fully meet the standards, partly meet
the standards or do not meet the standards). Fifteen SCED meta-analyses
discuss the interobserver agreement. The maintenance and generalization
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Table 3. Types of Research Design Included in Meta-Analytic Studies.

Number (%) of meta-analyses

Type of study design using this study design
Multiple baseline 35 (27)
Reversal design 24 (18)
Alternative treatments 19 (15)
AB/ABA 14 (11)
Multiple probes 14 (1)
Combined SCED 9 ()

Others (e.g., AATD, withdrawal, random, 9(@7)

between subjects vs. within subject)
Changing criterion 54

Note. Thirty-six Meta-analyses included more than one type of study designs; seven studies
just included one type of study design.

of intervention effectiveness are included as moderator in 15 and 13 SCED
meta-analyses respectively. Eleven SCED meta-analyses discuss instruc-
tional arrangement (i.e., how the instruction has been provided, such as
individual to individual or individual to classroom); 11 incorporate pub-
lication type (e.g., journal articles, thesis or dissertation), and 10 SCED
meta-analyses discuss validity. Furthermore, six SCED meta-analyses dis-
cuss the context of the setting (e.g., simulated setting or natural setting) and
specifics about functional behavior assessment (FBA). Finally, five SCED
meta-analyses discuss the effect of the study and the study findings as
moderators.

Measurement scale. The measurement scale of these 13 study level mod-
erators is nominal (See Table 2). Two moderators are coded inconsistently,
namely the interobserver agreement and validity. Specifically, 11 SCED
meta-analyses code the interobserver agreement as a nominal moderator,
whereas four code this as continuous. Validity is coded as a nominal variable
in nine SCED meta-analyses whereas one study considers it as continuous. In
that study, validity is reported as the specific degree of validity.

Missing data. Most SCED meta-analyses report no missing data for mod-
erators at the study level (i.e., study design, physical setting of intervention,
design standards, design strength, interobserver agreement, publication type,
instructional arrangement, improvement/findings, context, and FBA method)
(see Table 2). For example, among the 42 SCED meta-analyses discussing
study design, 29 report no missing data, while two SCED meta-analyses have
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missing data and 11 SCED meta-analyses do not mention whether there is
missing data. Among 38 SCED meta-analyses discussing physical settings
of intervention, 28 SCED meta-analyses report no missing data, one SCED
meta-analysis has missing data, and nine SCED meta-analyses do not men-
tion whether there was missing data. More than half of the SCED meta-
analysis including the moderators maintenance, generalization, and validity
report missing data. For instance, ten SCED meta-analyses report missing
data when discussing maintenance of intervention effects, while only two
SCED meta-analyses report no missing data, and three SCED meta-analyses
do not mention whether there was missing data or not.

Participant specific moderators

Ratio and type of moderators. The average ratio between the number of
participant level moderators and the number of units at the participant level
is 0.06. This means that, on average, meta-analyses with 10 SCED study
participants include less than one moderator. This ratio ranges from 0 to 0.24.
A total of 18 unique study level moderators (across all SCED meta-analy-
ses eligible for inclusion) are identified among which six are reported by at
least five SCED meta-analytic studies. These six moderators represent com-
monly reported participant level moderators and characteristics of these are
summarized in Table 2. An overview of the other, less commonly reported
study level moderators, can be found in Supplemental Appendix D. The most
popular participant moderator is age (55 out of the 60 SCED meta-analyses),
followed by disability status (n=44) and gender (n=39). Seventeen SCED
meta-analyses discuss ethnicity as a moderator and 17 studies report the
participant’s functional repertoires (e.g., delusional speech, hallucinatory
speech, disorganized speech, different level of communication function, and
different level of academic achievement) as a moderator. Finally, five SCED
meta-analyses include whether participants received special education or not.

Measurement scale. Among the six participant specific moderators, four
moderators (i.e., disability status, gender, ethnicity, and received special edu-
cation) are included as nominal scaled variables. There is no consistency in
the way the other two commonly encountered moderators are coded. Twenty-
five SCED meta-analyses code age as a nominal variable, eight SCED
meta-analyses consider it as ordinal and 25 SCED meta-analyses code it as
continuous. Interestingly enough, among 55 SCED meta-analyses discussing
age, three studies code age as both nominal and continuous. For functional
repertories, 14 out of 17 SCED meta-analyses code it as nominal, while three
SCED meta-analyses code it as continuous (i.e., the degree of functional rep-
ertory or relevant functional test scores).
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Missing data. The majority of SCED meta-analyses report no missing data
for three participant level moderators, namely age, disability status, and gen-
der. For example, 30 SCED meta-analyses report no missing data for the
moderator age, whereas 12 studies report missing data. The remaining 14
SCED meta-analyses do not mention any information about missing data for
age. For disability status, 22 SCED meta-analyses report no missing data,
nine SCED meta-analyses report having missing data, and 13 studies do not
include information about missing data.

For the moderators ethnicity and functional repertories, most SCED meta-
analyses report missing data (n=13 for ethnicity and =38 for functional rep-
ertoires). Only two SCED meta-analyses report no missing data for ethnicity,
while this number equals six for functional repertoires. The number of SCED
meta-analyses that do not provide information related to missing data equals
two and three for ethnicity and functional repertories respectively.

For the variable received special education, an equal amount of studies
provide information related to missing data as do not provide information
(n=2). One SCED meta-analysis reports this moderator with missing data.

Within-participant moderators: Intervention and outcome

Ratio and type of moderators. The average ratio between the number of
intervention moderators and the number of units at the within-participant level
is 0.14. This means that, on average, meta-analyses with ten observations
include at least one intervention specific moderator. This ratio ranges from 0
to 0.60. A total of 18 unique intervention specific moderators are identified
among which six moderators are reported by at least five meta-analytic stud-
ies. Characteristics of these six moderators are presented in Table 2. Forty-
four out of the sixty SCED meta-analyses include the intervention program
as a moderator (e.g., video modeling, visual cueing, augmentative, or alterna-
tive communication). Another 28 SCED meta-analyses mention intervention
agents as a moderator. This moderator indicates whether the agent delivering
the intervention is a professional (i.e., researcher, clinician, or therapist), a
classroom staff member, a student, or a parent. Twenty-one SCED meta-anal-
yses include intervention technique as a moderator (e.g., reinforcement of
appropriate behaviors or extinction of the problem behaviors), and 18 SCED
meta-analyses discuss the intervention dosage (i.e., length and/or magnitude
of intervention). Fourteen SCED meta-analyses include intervention fidel-
ity and seven SCED meta-analyses mention the technology device used for
intervention delivery or data collection.

The average ratio of the number of outcome moderators and the number of
units at the within-participant level is 0.07. This means that, on average,
meta-analyses with ten observations include no outcome specific moderator.
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This ratio ranges from 0 to 0.60. A total of six unique outcome specific mod-
erators are identified among which only two moderators are reported by at
least five SCED meta-analyses. Characteristics of these two moderators are
presented in Table 2. The most popular outcome specific moderator is out-
come domain (i.e., 54 out of the 60 SCED meta-analyses). The moderator
outcome domain refers to the specific outcome or the domain of the outcome
that was measured in the primary studies, such as academic skills, adaptive
skills, and emotion recognition. Fourteen out of the 60 SCED meta-analyses
include the methods of measuring outcomes as moderator. This refers to the
method, tool, or technique that was used to measure outcomes, such as stu-
dent rating, teacher rating, or systematic direct observation.

Measurement scale. The measurement scale of all six most commonly
included intervention specific moderators is nominal. However, two of these
six moderators are coded inconsistently across SCED meta-analyses. Spe-
cifically, ten SCED meta-analyses code intervention dosage as a nominal
variable, two as ordinal and six as continuous (e.g., the time of interven-
tion). For fidelity, 13 SCED meta-analyses code it as nominal, while just
one SCED meta-analysis code it as continuous (i.e., degree of intervention
fidelity reflected as a percentage). The two commonly used outcome specific
moderators (i.e., outcome domain and methods of measuring outcomes) are
consistently coded in SCED meta-analyses as nominal.

Missing data. The majority of SCED meta-analyses report no missing data
for six out of the eight within-participant moderators (i.e., intervention pro-
gram, intervention agent, intervention techniques, technology devices, out-
come domain, and methods of measuring outcomes). For instance, 26 SCED
meta-analyses report no missing data for the intervention moderator, whereas
this equals seven for having missing data and 11 for not mentioning whether
missing data is present. For intervention agents, 13 SCED meta-analyses
report no missing data, eight report having missing data and seven do not
mention whether or not there was missing data. For the outcome domain, 35
SCED meta-analyses report no missing data, while five SCED meta-analyses
report having missing data and 14 SCED meta-analyses do not mention the
information about missing data

Most SCED meta-analyses do not provide information related to missing
data for intervention dosage (n=9). For dosage, five SCED meta-analyses
report no missing data and the other four SCED meta-analyses report having
missing data. For fidelity, most SCED meta-analyses report having missing
data (n=7), while three SCED meta-analyses report no missing data and four
do not mention any information about missing data.
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Moderator Analysis

Number of SCED meta-analyses quantifying moderation effects. Among the 42
SCED meta-analyses discussing study design as moderator, about half
(n=20) report a metric to quantify its effect. A metric reflecting the effect of
the moderator physical settings of intervention delivery is included in only 15
out of the 38 SCED meta-analyses. Less than one third (7 out of 23) of the
meta-analyses discussing design standards report a metric to evaluate the
effect of the moderator. Six out of the 11 SCED meta-analyses including
instructional arrangement as a moderator report a metric. No more than five
SCED meta-analyses report metrics for the other commonly encountered
study level moderators (e.g., design strength, interobserver agreement, main-
tenance, and generalization).

For participant specific moderators, 34 out of 55 SCED meta-analyses that
discuss age as a moderator report a metric quantifying the effect of that mod-
erator. A metric is included for half of the SCED meta-analyses (22 out of 44)
that focus on disability status. Nine SCED meta-analyses report a metric for
gender, and the same number of SCED meta-analyses report a metric for
functional repertories. Only two out of the 17 SCED meta-analyses discuss-
ing ethnicity report a metric. For receiving special education, two out of five
report a metric.

Regarding the intervention specific moderators, among 44 SCED meta-
analyses discussing intervention program as a moderator, 34 studies report
the metric for this moderator. Fifteen out of 28 SCED meta-analyses includ-
ing intervention agents as a moderator report the metric to evaluate the effect
of this moderator. Twelve out of 21 SCED meta-analyses discussing inter-
vention techniques report the metric for intervention techniques. Among 18
SCED meta-analyses mentioning intervention dosage, nine report the metric
for this moderator. Moreover, two out of 14 SCED meta-analyses discussing
fidelity report the metric for fidelity. Two out of seven SCED meta-analyses
report the metric for the moderator of technology devices.

In terms of outcome specific moderators, 41 out of 54 SCED meta-analy-
ses discussing outcome domain report the metric for this moderator. Among
14 SCED meta-analyses analyzing methods of measuring outcomes as a
moderator, three report the metric for methods of measuring outcomes.

Metrics used to quantify moderator effects. In total, 13 different types of
metrics are reported in the reviewed SCED meta-analyses, which can be
clustered into four broader categories, namely non-overlap metrics, regres-
sion based/ HLM metrics, the log ratio, and the standardized mean differ-
ence metrics. In order to enhance the discussion, these broader categories
are summarized, but a complete overview of the specific metrics within each
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of these four broader categories can be obtained upon request. This section
presents the results for moderators included by the largest number of SCED
meta-analysis per level (see Table 4) as similar findings apply for other mod-
erators. Again, the complete overview can be obtained upon request by the
first author. For within-participant level, intervention specific moderators
and outcome specific moderators are reported separately. As a consequence,
a total of four moderators are selected for in depth discussion. These mod-
erators are study design (i.e., study level), age (i.e., participant level), inter-
vention program (i.e., within-participant level-intervention specific) and
domain of outcome (i.e., within-participant—outcome specific). The results
show that 71% of SCED meta-analyses use non-overlap metrics, while 22%
of studies use the SMD metrics. Only 4% use regression based metrics and
3% log ratio metrics. In sum, non-overlap metrics are most commonly used
in SCED meta-analyses, followed by the SMD metric. Regression based
metrics and log ratio metrics are less popular.

Analysis approach used to summarize moderator effects across studies. The type
of analyses used in SCED meta-analyses to summarize moderator effects
across studies, can be clustered within four broader categories; description in
words, inclusion of frequency or frequency table, reporting of quantitative
metric (e.g., reporting metric and 95% confidence interval), and inclusion of
a statistical analysis (i.e., reporting statistical significance). The analysis
approach for each moderator is presented in Table 2. The most commonly
used analysis approach is description in words, followed by frequencies. The
category of statistical analysis is the least used approach.

For study level moderators, at least 50% of studies analyze study design,
publication type, interventional arrangement, context, and FBA method using
a quantitative metric. A range of 20% to 46% of meta-analyses analyze physi-
cal settings of intervention, design standard, design strength, maintenance,
generalization, validity, and improvement using a quantitative metric. For the
moderator interobserver agreement, only 7% of studies use a quantitative
metric. However, no studies analyzing interobserver agreement, generaliza-
tion, validity, and improvement use a statistical analysis. Except from these
four moderators, the percent of studies using statistical analysis to analyze
other study level moderators ranges from 12% to 45%.

For participant level moderators, more than 50% of studies analyze age,
disability status, functional repertories, and received special education
using a quantitative metric. Thirty-three percent of studies analyze gender
using a quantitative metric, while 18% of studies analyze ethnicity using a
quantitative metric. The percent of SCED meta-analyses studies using sta-
tistical analysis to analyze participant level moderators ranged from 6% to
60%.
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For intervention specific moderators, at least 50% of studies analyze inter-
vention program, intervention agent, intervention techniques, intervention
dosage, and technology devices using a quantitative metric, while 14% of
studies analyze fidelity using a quantitative metric. A range of 14% to 50% of
studies analyze intervention specific moderators using statistical analysis.
For outcome specific moderators, 78% of studies analyze outcome domain
using a quantitative metric, while 59% of studies analyze this moderator
using statistical analysis. Thirty-six percent of studies analyze outcome mea-
surement using quantitative metric, and 21% of studies analyze it using sta-
tistical analysis.

Discussion
Meta-Analysis of SCEDs

Meta-analysis is a powerful technique for the quantitative synthesis of pri-
mary study results (Borenstein et al., 2009; Card, 2016; Cooper, 2017; Glass,
1976; Hedges & Olkin, 1985; Lipsey & Wilson, 2001). As research produc-
tion is growing exponentially in the field of SCEDs, researchers, practitio-
ners and policy makers are unable to read all research. Therefore, meta-analysis
is a welcomed technique in the field of SCEDs. By combining research evi-
dence across SCED studies (investigating the same intervention and the same
outcome variable) using meta-analytic techniques, an objective summary sta-
tistic evaluating the effectiveness of an intervention can be obtained. Meta-
analysis can be used to make more general conclusions related to the
effectiveness of an intervention, reduces sampling error, and contributes to
evidence-based decisions in practice, policy and research.

One meta-analytic that has been recommended for the quantitative sum-
mary of SCEDs is hierarchical linear modeling. The hierarchical linear model
takes the multilayered data structure into account as SCED data (level 1) is
nested within participants (level 2) and participants are nested within studies
(level 3). By explicitly modeling these three levels, the source of systematic
variability in intervention effectiveness between and within SCED studies
can be identified and moderators at these different levels can be added in an
effort to explain this systematic variability. This systematic review focuses on
summarizing SCED meta-analyses including moderators as this is currently
missing in the literature.

SCED Meta-Analysis including Moderators

There is a lack of methodological research evaluating statistical properties of
the hierarchical linear modeling approach summarizing SCED studies, with
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the inclusion of moderators. The goal of this study is to provide an overview
and description of commonly encountered moderator characteristics and
analysis techniques that can be used to inform future methodological research
as such an overview is currently missing. This systematic review of SCED
meta-analysis provides a comprehensive overview and discussion of modera-
tor characteristics typically included in SCED meta-analyses. Second, mod-
erator analysis techniques are summarized (i.e., the metric used to quantify
moderator effectiveness, the unit of analysis, and the specific approach used
to combine metrics across cases and/or across studies.

General Moderator Characteristics

This systematic review presents moderator characteristics based on a total of
60 SCED meta-analyses published between 2016 and 2019. Based on the
systematic review, the following moderator characteristics can be considered
in future methodological work. At the study level, the most popular modera-
tors are study design, physical setting of intervention, design standards,
design strength, interobserver agreement, and maintenance. At the participant
level, commonly encountered moderators are age, disability status, gender,
ethnicity, and functional repertories. Finally, at the within-participant level,
the most discussed moderators are outcome domain, intervention program,
intervention agent, intervention techniques, and intervention dosage. All of
the aforementioned moderators’ measurement scales are nominal, except
from interobserver agreement, age, functional repertories and intervention
dosage. Almost all SCED meta-analyses reported no missing data for included
moderators. This implies that a condition representing missing data for mod-
erators does not necessarily need to be part of future methodological work as
this is not an issue.

Number of Moderators per Units

Current systematic review provides insights into the typical ratio of the num-
ber of moderators versus the number of units at the study level, participant
level, and within-participant level. If a SCED meta-analysis includes ten pri-
mary SCED studies and a total of ten participants among these ten primary
SCED studies, typically this SCED meta-analysis discusses two study level
moderators, no more than one participant level moderator (i.e., ratio = .06),
and one moderator at the within-participant level. The ratio of the number of
moderators at the study level to the number of units at that level ranges from
0 to 1.4. This indicates that some SCED meta-analyses do not include mod-
erators at the study level, whereas others include more moderators relative to
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the number of units at that level. It is recommended that future simulation
studies include conditions reflecting both extremes. The ratio of the number
of moderators at the participant level to the number of units at that level
ranges from 0 to 0.24. This indicates that an SCED meta-analysis including
on average 10 participants per study, typically includes up to two moderators.
Only one meta-analysis did not include any participant level moderators. The
current study finds that the ratio at the within-participant level ranges from 0
to 0.60 (both for intervention specific and outcome specific moderators).

Quantification of Moderators

Although previous research found that most meta-analyses conducted a mod-
erator analysis (Jamshidi et al., 2020), details of the analysis approach related
to each moderator per level was not reported. Current study indicates that
statistical significance testing is the least commonly used approach to ana-
lyze moderators. The majority of SCED meta-analyses used quantitative met-
rics to analyze moderator effects. The most commonly used metric to quantify
moderator effectiveness is Tau-U. This metric is considered to be a more
advanced non-overlap statistic as it compares all the baseline observations
with all the intervention observations and it has the potential to account for
baseline trends (Parker, Vannest, Davis, & Sauber, 2011). However, recent
methodological research has indicated that this metric has no meaningful
scale (i.e., is not bounded between -1 and 1), is biased in certain conditions,
and is difficult to interpret (Fingerhut et al., 2021; Tarlow, 2017). In addition,
synthesizing moderator effects using the average Tau-U ignores the nested
data structure and is not recommended. The hierarchical linear modeling
approach deals with all these issues, but is only used in a limited number of
SCED meta-analyses. As a consequence, efforts are needed to further dis-
seminate the approach to a broader audience.

Limitations and Future Research

The review of previously published systematic reviews of SCED meta-anal-
yses revealed that items related to moderators have not been considered for
inclusion in reporting guidelines to assess the quality of SCED meta-analyses
and systematic reviews. Therefore, future research is needed to develop such
items. Reporting guidelines and checklists for quality assessment of group-
comparison design meta-analyses and primary level SCEDs embed to some
extent items related to moderator characteristics. Therefore, these items can
be considered as a starting point. Having access to information related to
moderator characteristics can have far reaching implications for practice,
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policy and theory as some interventions might only be effective given a cer-
tain set of study and/or participant characteristics.

Future Monte-Carlo simulation studies are needed to provide recom-
mendations about the number of units at the different levels of the hierar-
chical liner modeling approach that are needed to identify true intervention
and moderator effects, given a certain set of design conditions representa-
tive for SCED meta-analysis including moderators. The moderator charac-
teristics reported in current systematic review can inform these design
conditions. However, parameter values for moderator effects (e.g., the size
of the effect of age on the intervention), correlations between the modera-
tors (e.g., correlation between age and gender) and correlations between the
moderators and the intervention (e.g., correlation between age and inter-
vention) are not discussed. Identifying these parameter values is recom-
mended for future research.

This systematic review presents moderator characteristics based on a
total of 60 SCED meta-analyses published between 2016 and 2019. SCED
meta-analyses prior to 2016 could also been explored. However, current
systematic review evaluates 910 SCED meta-analysis and provides insights
in commonly used SCED moderators based on the most recent SCED
meta-analyses.

Implications of SCED Meta-Analysis for Evidence-based Practice

In sum, this systematic review provides a comprehensive overview and dis-
cussion of moderator characteristics typically included in SCED meta-anal-
yses. This overview of moderator characteristics is timely and can inform
the design conditions to be included in future methodological work. Future
methodological work is needed to provide answers to practical questions
when designing SCED meta-analyses such as: (a) What are typically
encountered study, participants and within-participants moderators? (b)
What is the scale of typically encountered moderators? (c¢) What is the num-
ber of moderators relative to the number of units? and (d) What is the antic-
ipated power to detect true intervention and moderator effects given a set of
design conditions representative for SCED meta-analyses? By further
enhancing the field of SCED meta-analysis by including moderators, evi-
dence can be obtained about what intervention works, when, where, for
who and at which cost.
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